
AIAA-87-1887 
Modification to the Langley 8-Foot 
High Temperature Tunnel for 
Hypersonic Propulsion Testing 
D.E. Reubush, R.L. Puster, NASA 
Langley Research Center, Hampton, 
VA; and H.N. Kelly, PRC Kentron, 
Hampton, VA 

AIAAISAEIASMEIASEE 23rd Joint 
Propulsion Conference 

June 29-July 2, 1987/San Diego, California 

For permission to copy or republish, contact the American Institute of Aeronautics and Astronautics 
1633 Broadway, New York, NY 10019 



MODIFICATION TO THE LANGLEY 8-FOOT H I G H  TEMPERATURE TUNNEL 
FOR HYPERSONIC PROPULSION TESTING 

David E. Reubush* 
Richard L. Puster** 

NASA, Langley Research Center 
H. Neale Kel ly**  

PRC Kentron 

ABSTRACT 

This paper describes the modi f icat ions 
c u r r e n t l y  underway t o  the  Langley &Foot 
High Tewera ture  Tunnel t o  produce a new, 
unique na t iona l  resource for t e s t i n g  of 
hypersonic a i r -b rea th ing  propuls ion 
systems. The current  tunnel, which has 
been used fo r  aerothermal loads and 
s t ruc tu res  research since i t s  inception, i s  
being modif ied wi th the  a d d i t i o n  o f  a LOX 
system t o  b r i n g  the  oxygen content o f  the  
t e s t  medium up t o  t h a t  of a i r ,  the a d d i t i o n  
of a l t e r n a t e  Mach nunber c a p a b i l i t y  (4 and 
5) t o  augment the  cur ren t  M = 7 capab i l i t y .  
improvements t o  the  tunnel  hardware t o  
reduce maintenance downtime, the a d d i t i o n  
of a hydrogen system t o  a l low the t e s t i n g  
o f  hydrogen powered engines, and a new data 
system t o  increase both the  q u a n t i t y  and 
q u a l i t y  of the data obtained. The paper 
discusses both the  m d i f i c a t i o n s  and the  
development thereof. 

INTROOUCTION 

I n  the  past several years there has 
been a resurgent i n t e r e s t  i n  hypersonics. 
This i s  p a r t i c u l a r l y  evidenced by the  
Nat iona l  Aerospace Plane program (NASP see 
ref. 1 ) .  I n  order t o  meet the  goal of the  
NASP program of developing t h e  technology 
t o  enable the  const ruct ion of an aerospace 
vehic le  which w i l l  be able t o  take o f f  
h o r i z o n t a l l y  and reach o r b i t  s i g n i f i c a n t  
research m s t  be conducted t o  develop and 
v a l i d a t e  t h i s  technology. One o f  the  most 
inpor tan t  areas o f  research for 
development of the  NASP and an upcoming 
generation o f  h igh speed a i r -b rea th ing  
vehic les w i l l  be t h a t  of developing and 
r e f i n i n g  the propuls ion system and i t s  
i n t e g r a t i o n  i n t o  the  vehicle. 
conduct t h i s  research there  m s t  be 
f a c i l i t i e s  ava i lab le  w i t h  c a p a b i l i t i e s  t o  
adequately s i n u l a t e  the  proper f l i g h t  
environments across the  speed range t h e  
vehic les w i l l  encounter from low subsonic 
through h igh hypersonic. I n  order t o  
meet t h e  need for propuls ion t e s t i n g  i n  the  
h igh supersonic - low hypersonic area (M = 
4 t o  7) for  the NASP, o ther  hypersonic 
a i r c r a f t ,  and hypersonic a i r -b rea th ing  
miss i les,  NASA has underway the 
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modif icat ion o f  the  Langley %Foot High 
Temperature Tunnel t o  add a l t e r n a t e  Mach 
number c a p a b i l i t y  and add oxygen enrichment 
t o  a l low the t e s t i n g  of operat ing engines 
a t  these Mach numbers and a t  t r u e  
temperature levels. This paper w i l l  
describe the  tunnel, the  modi f icat ions 
being made t o  it, and discuss the  
development work necessary t o  ensure t h e  
modi f icat ions w i l l  be successful. (This 
paper provides updated and expanded 
in format ion from t h a t  repor ted i n  r e f .  2.1 

DISCUSSION 

Current Status o f  8-Foot H i  h 

A schematic of the  Langley 8-Foot High 
Temperature Tunnel as i t  e x i s t s  today i s  
shown i n  f i g u r e  1. The tunnel  was designed 
i n  the l a t e  1950's and cam? i n t o  serv ice i n  
the  middle 1960's as a f a c i l i t y  t o  conduct 
research i n  the areas o f  aerothermal loads 
and aerothermostructures and has been 
p r i m a r i l y  used as such f o r  the l a s t  20 
years. The tunnel  i s  of  the  blow-down type 
and uses the combustion products o f  methane 
and a i r  as a t e s t  mdium. The combustion 
of h igh pressure methane enables the  tunne l  
t o  simulate the  h igh f low energy leve ls  and 
t r u e  temperature o f  f l i g h t  a t  i t s  nominal 
Mach number of 7. Actual Mach number 
var ies from about 5.8 t o  7.3 depending on 
t o t a l  temperature and pressure. This 
v a r i a t i o n  i n  Mach number i s  due t o  the f a c t  
that  t h e  f l o w  i n  t h e  nozzle i s  
non-isentropic. That is, there are r e a l  
gas e f f e c t s  and some of ,  the  water from the  
combustion process condenses i n  the  
products o f  combustion tes t  nedium. 
Recent unpublished ca lcu la t ions  by Erickson 
o f  Langley i n d i c a t e  that  t h e  condensation 
occurs about 19 ft. from the  t h r o a t  and 
t h a t  the  r e s u l t i n g  water d rop le ts  are about 
1 micron i n  diameter. Condensation i s  
greatest  a t  low temperatures and h igh 
pressures and e s s e n t i a l l y  disappears a t  
h igh temperatures and low pressures. 

can be var ied from about 150 p s i a  up t o  
2400 p s i a  wh i le  t o t a l  temperature can be 
var ied  f rom about 2400 OR t o  about 3600 
OR. These var ia t ions  y i e l d  a Reynolds 
nunber ran e from about 0.3 m i l l i o n  per 
foot t o  2.8 m i l l i o n  per foot, dynamic 
pressures from about 250 psf t o  about 
1800 sf, and simulated a l t i t u d e  from about 

'80,Od ft. t o  about 130,000 ft. Loca l ly  
stored a i r ,  about 0.4 m i l l i o n  pounds 
(s tored i n  a b o t t l e  f i e l d  of 14.700 cuft.  
a t  6,000 p s i ) ,  i s  s u f f i c i e n t  t o  run the  

'L' 

The tunnel  t es t  sect ion t o t a l  pressure 
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t u n n e l  and nnwer the  downstream M = 3.5 a i r  - - ~~ ~~ 
_ _  . . . . - . -. . . 
ejec tor  (which has the  c a p a b i l i t y  of 
dropping the  t e s t  chamber pressure t o  0.09 
os ia )  f o r  run  times ranging from 30 sec. t o  
bver 2 minutes depending on the  des i red 
t e s t  condi t ions (which w i l l  vary the  t o t a l  
amount o f  f l o w  requi red by both the  tunnel  
and e jec to r ) .  The conical/contoured M = 7 
nozzle i s  51.5 ft. i n  length and extends 
i n t o  a 26 ft. diameter t e s t  chamber which 
houses the 8 ft. diameter, 12 ft. long open 
j e t  t e s t  section. Since the  nethane-air 
combustion necessary fo r  product ion of t h e  
h igh enthalpy l e v e l s  f o r  r e a l i s t i c  f l i g h t  
s imulat ion depletes the  a i r  of oxygen, t h e  
tunnel  as it c u r r e n t l y  e x i s t s  cannot be 
used f o r  engine t e s t i n g  ( the t e s t  medium 
cannot support f u r t h e r  combustion). This 
i s  the mot ivat ion f o r  the  oxygen enrichment 
p o r t i o n  o f  t h e  modi f icat ion pro jec t ,  which 
w i l l  be discussed l a t e r .  

I n  order t o  f a c i l i t a t e  s t a r t i n g  t h e  
tunnel and t o  p ro tec t  models from s tar t -up  
and shut-down dynamic loads, m d e l s  under 
t e s t  are s tored beneath the  t e s t  sec t ion  
and inser ted i n t o  t h e  stream a f t e r  
steady-state hypersonic f l o w  has been 
establ ished. A hydrau l i c  e leva tor  SyStem 
i s  used t o  i n s e r t  the  model i n t o  the  t e s t  
sect ion from i t s  storage p o s i t i o n  i n  as 
l i t t l e  as 1 second, sub jec t ing  the  model t o  
an acce le ra t ion  o f  a t  m s t  2 9 's .  F igure 2 
i s  a t r i p l e  exposure of a model being 
inser ted  i n t o  the  t e s t  section. 
carr iage, on which the  model r ides, weighs 
approximately 15 tons. Two interchangeable 
c a r r i a  es are avai lab le:  a p i t c h  car r iage 
[shown? on which the  m d e l s  are s t i n g  
mounted from a curved s t r u t  w i t h  a 
c a p a b i l i t y  o f  a +/- 20' angle of a t tack 
v a r i a t i o n  and a yaw carr iage on which t h e  
models are mounted on a t u r n t a b l e  f lush  
w i t h  the  f l o o r  and can be r o t a t e d  through a 
+/- 20' yaw var ia t ion .  The carr iages can 
accomodate models weighing up t o  about 
10,000 lbs. 

of f i g u r e  2 i s  a f low survey rake which 
resembles a large windshie ld  wiper. The 
rake, which i s  pneumatical ly operated, can 
accomodate up t o  37 interchangeable probes 
(i.e. tern erature, pressure, gas sampling, 
heat f lux! and can prov ide a f l w  f i e l d  
survey a t  any preselected l o n g i t u d i n a l  
p o s i t i o n  i n  the t e s t  sect ion e i t h e r  
i m d i a t e l y  p r i o r  t o  model i n s e r t i o n  or 
i w d i a t e l y  a f te r  model removal. 

I n  a d d i t i o n  t o  the  c a p a b i l i t y  of 
i n j e c t i n g  a 'cold" model i n t o  t h e  
hot  stream [ c o l d  w a l l  condi t ion) ,  the  
tunnel has a rad ian t  preheating apparatus 
which can be used t o  preheat the  m d e l  
wh i le  i t  resides below the  t e s t  sec t ion  t o  
simulate condi t ions where the  vehic le  has 
been i n  f l i g h t  a t  h igh Mach numbers fo r  a 
per iod  o f  t ime (hot  w a l l  condi t ion) .  
F igure 3 shows a schematic and photographs 
of the  preheating apparatus. 

While p r i m a r i l y  used f o r  thermal loads 
and thermal p r o t e c t i o n  system research, t h e  
f a c i l i t y  has been used i n  the  past  f o r  
propuls ion s t ruc tu res  r e l a t e d  research. I n  
the l a t e  1960's and e a r l y  1970's a f u l l  

The 

Also v i s i b l e  i n  the  upper r i g h t  corner 

scale, f l i g h t  weight, hydrogen cooled 
s t r u c t u r a l  assembly model (SAM) o f  t h e  
hypersonic research engine [HRE) was t e s t e d  
as Shown i n  f i g u r e  4 (ref.  3). This model 
was approximately 7.5 ft. long wlth a cowl 
i n l e t  diameter of 16 in. and a maximum 
diameter o f  25 i n .  
featured an i n t r i c a t e  hydrogen c o o l i n g  
system, was exposed t o  a t o t a l  o f  
approximately 30 min. of hypersonic f l i g h t  
environment and 55 thermal cycles. It 
would have been des i reable t o  i n v e s t i g a t e  
engine operat ion dur ing  t h i s  tine period, 
however, as mentioned before. the  oxygen 
d e f i c i e n t  t e s t  medium precluded f u r t h e r  
combustion. To proper ly  t e s t  hypersonic 
a i r c r a f t  engines and a foreseen generation 
o f  h igh speed a i r -b rea th ing  miss i les,  t h e  
oxygen d e f i c i t  i n  the  t e s t  gas nust  be 
a l lev ia ted .  
oxygen enrichment p o r t i o n  of t h e  
mod i f i ca t ion  pro jec t .  

The model. which 

This i s  the  impetus f o r  t h e  

Propuls ion System Test Needs 
and Capab i l i t ies .  

An approximate Mach number-alt i tude 
c o r r i d o r  f o r  a i r  breath ing engines i s  
ind ica ted  i n  f i g u r e  5. The upper a l t i t u d e  
l i m i t  on the  c o r r i d o r  i s  establ ished by t h e  
a b i l i t y  t o  sus ta in  combustion wh i le  the  
lower a l t i t u d e  l i m i t  is establ ished by t h e  
a b i l i t y  o f  the  s t ruc tu res  t o  wi thstand the  
loads r e s u l t i n g  from t h e  h igh temperatures 
and pressures generated a t  low a l t i tudes .  
I n  the  lower l e f t  corner of the  f i g u r e  are  
ind ica ted  the  operat ional  envelopes of the  
two large scale propuls ion t e s t  f a c i l i t i e s  
(Aero Propulsion Test U n i t  and Aero 
Propulsion System Test F a c i l i t y )  a t  the  A i r  
Force Arnold Engineering Development Center 
(AEDC). These two f a c i l i t i e s  prov ide 
propuls ion system t e s t i n g  c a p a b i l i t y  below 
a Mach number o f  about 4.5. However, f o r  
Mach numbers greater than t h i s  there  i s  a 
d e f i n i t e  need f o r  a d d i t i o n a l  t e s t  
capab i l i t y .  The large cross-hatched block 
i n  the center o f  the  f i g u r e  ind ica tes  t h e  
t e s t  range fo r  t h e  8-Foot High Temperature 
Tunnel w i t h  i t s  current  Mach number 
c a p a b i l i t y .  
6 t o  7 range very wel l .  However, there  i s  
s t i l l  a need t o  fill i n  the  t e s t  coverage 
between the  AEDC f a c i l i t i e s  and t h e  8 

Temperature Tunnel modi f icat ion p r o j e c t  
w i l l  add the  c a p a b i l i t y  t o  t e s t  a t  
a l t e r n a t e  Mach numbers (4 and 5 ) .  These 
t e s t  c a p a b i l i t i e s  are shown by the  two t h i n  
blocks i n  the center of the  f igure.  With 
t h e  AEOC f a c i l i t i e s  and the  8 '  HTT there  
w i l l  e x i s t  f a c i l i t i e s  capable o f  t e s t i n g  
a i r -b rea th ing  hypersonic propuls ion systems 
from take off up through M = 7. It must be 
noted t h a t  the  f u l l  8 '  HTT t e s t  c a p a b i l i t y  
w i l l  not  be a v a i l a b l e  w i t h  oxygen 
enrichment. The tunnel  can operate a t  
combustor t o t a l  pressures up t o  about 4000 
psia, but  the  run tank t o  be used i n  the  
l i q u i d  oxygen system is surplus A i r  Force 
Rocket Propulsion Laboratory equipment ( t o  
save money1 and can on ly  be used up t o  
about 2300 psia. 

This c a p a b i l i t y  covers the M = 

HTT. TO f i l l  i n  t h i s  gap the  6-Foot High 

This w i l l  y i e l d  a reduced 
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low a l t i t u d e  s imulat ion c a p a b i l i t y  as shown 
by the dashed l i n e  on f i g u r e  5. 

Use of Oxygen Enriched Combustion 
Products as a Test  Yedium. 

Perhaps the  greatest  concern when 
consider ing the use o f  a f a c i l i t y ,  which 
u t i l i z e s  combustion t o  produce the  
necessary h igh enthalpy leve ls  requi red fOP 
t r u e  f l i g h t  simulat ion, i s  t h a t  the  
products o f  combustion t e s t  medium (even 
when oxygen enriched) w i l l  not y i e l d  
r e s u l t s  app l i cab le  t o  f l i g h t  i n  a i r .  Th is  
i s  p a r t i c u l a r l y  t r u e  when engine operat ion 
i s  under study since there w i l l  be ef fects  
o f  the a d d i t i o n a l  chemical species from t h e  
combustion process used t o  heat the t e s t  
medium on the  burning i n  the  t e s t  engine. 
The s u i t a b i l i t y  of using products Of 
combustion as a t e s t  medium f o r  research 
not  invo lv ing  engine operat ion (w i th  
p a r t i c u l a r  regard t o  the 8 '  HTT) was 
inves t iga ted  i n  considerable d e t a i l  and 
repor ted i n  reference 4. 
from t h a t  i n v e s t i g a t i o n  was t h a t  the  r o s t  
important cons iderat ion i n  using products 
of combustion as a t e s t  medium was the  
condensation o f  water vapor. The 
condensation of water vapor can have a 
s i g n i f i c a n t  e f f e c t  on the  t e s t  sect ion f low 
parameters, p a r t i c u l a r l y  if the temperature 
i s  low enough. However, if the t e s t  stream 
condi t ions are measured i n  the t e s t  sect ion 
and proper values of the thermodynamic and 
t ranspor t  p roper t ies  of the combustion are 
used i n  the data reduct ion good c o r r e l a t i o n  
can be obtained both w i t h  theory and w i th  
experimental r e s u l t s  measured i n  a i r .  

The poss ib le  e f fec ts  on the  s imulat ion 
o f  hydrogen-air combustion i n  an oxygen 
enriched products o f  combustion t e s t  medium 
( v i t i a t e d  a i r )  have been examined by use of 

The conclusion 

t h e o r e t i c a l  techniques ( r e f .  5 and 6 ) .  
These stud ies ind ica te  t h a t  the n i t r o u s  
oxide soecies i n  the  t e s t  medium w i l l  tend 
t o  reduce hydrogen i g n i t i o n  t ine when 
s t a t i c  temperatures are less than about 
1980 O R  and have an i n s i g n i f i c a n t  e f fect  
above t h i s  temperature. The e f f e c t  of 
water i n  the t e s t  gas i s  essen t ia l l y  
opposite t o  t h a t  of the n i t r o u s  oxide, t h a t  
is, below about 1980 "R water w i l l  r e t a r d  
hydrogen i g n i t i o n  wh i le  above 1980 OR i t s  
presence w i l l  decrease i g n i t i o n  t i m e  
s l i g h t l y .  The combined e f f e c t s  of a l l  the  
various species on predic ted hydrogen 
reac t ion  t ime i s  shown i n  f i g u r e  6. As can 
be seen, the  o v e r a l l  e f f e c t  i s  small. The 
s tud ies a lso  addressed the  e f f e c t s  of the  
f law contaminants on such th ings  as f lame 
s t a b i l i t y  (residence t ime). Reference 6 
found t h a t  for  v i t i a t e d  a i r  the  f lames are  
more s tab le  f o r  a l l  mixtures w i t h  a maximum 
increase o f  about 14 percent. However. t h e  

'From t h e  standpoint of designing p r a c t i c a l  
supersonic conibustors. the  e f f e c t  Of 
f a c i l i t y  contaminants on i g n i t i o n  t ine and 
f lame s t a b l l i t y  are not a major concern." 

enera l  conclusion from reference 6 was 

Descr ip t ion  o f  Tunnel Mod i f i ca t ions  and 
Development Thereof 

A photograph of a scale model of t h e  
8-Foot High Temperature Tunnel i s  shown i n  
f i g u r e  7. 

components w i l l  be described and t h e i r  
development discussed i n  the  fo l low ing  
f igures s t a r t i n g  w i th  the combustor 
(cen ter - r igh t  Of the  f i g u r e )  and proceeding 
i n  the general d i r e c t i o n  of the  flow. 

I d e n t i f i e d  i n  t h i s  f i g u r e  are 
the  major components o f  the  tunnel. These L' 

Combustor, LOX, and f u e l  systems. - A 
c ross-sect ional  drauina of tne combustor i n  
which the hot  t e s t  gas-is generated and i n  
which the oxygen w i l l  be added i s  Shown i n  
f igure  8. High pressure a i r  from the  6000 
p s i  storage f i e l d  i s  introduced through a 
torus a t  the  upstream end o f  the  
combustor. To pro tec t  the  carbon s t e e l  
combustor pressure vessel from the  ho t  
cornbustion gases the a i r  f lows t o  the  
downstream end of the combustor i n  t h e  
annular space between the  pressure vessel 
and an outer s ta in less  s t e e l  l i n e r  where i t  
tu rns  180' and flows back upstream i n  the 
annular space between the outer l i n e r  and 
an inner n i c k e l  l i n e r  t o  approximately the 
mid p o i n t  of the combustor. A t  t h i s  p o i n t  
the  inner l i n e r  terminates and the a i r  i s  
dumped i n t o  the 3-foot diameter c e n t r a l  
p o r t i o n  of the  combustor. Also. t h i s  p o i n t  
i s  the proposed loca t ion  fo r  the LOX spray 
apparatus (see f igure) .  

28,000 gal. low pressure storage tank and 
an 8,000 gal. run tank capable of 
d e l i v e r i n g  150 lbs./sec. f o r  a maximum run 
t ime o f  3 minutes. As mentioned i, 

previously. the run tank was obtained as 
surp lus equipment from the  A i r  Force Rocket 
Propulsion Laboatory. Although the surplus 
tank r e s u l t s  i n  a considerable cost  saving, 
the 2300 p s i  pressure r a t i n g  o f  the  tank i s  
not  as high as desired. 
pressure l i m i t a t i o n ,  the  f a c i l i t y  operat ing 
w i t h  oxygen enrichment w i l l  be l i m i t e d  t o  a 
maximum dynamic pressure o f  about 1800 psf 
o r  minimum simulated a l t i t u d e s  of 
approximately 60,000 ft. a t  M = 4, 70,000 
ft. a t  M = 5, and 90.000 ft. a t  M = 7. To 
prov ide fo r  fu ture growth a l l  the  p i p i n g  
and va lv ing  w i l l  be designed f o r  5000 p s i  
operation. 

TO provide f i rs t -hand experience i n  
handl ing oxygen and t o  develop operat ional  
procedures a rock-up of a p rev iou ly  
proposed LOX i n j e c t i o n  system was i n s t a l l e d  
i n  the  Langley 7" HTT which i s  the  p i l o t  
f a c i l i t y  f o r  the  8' HTT. Th is  
i n v e s t i g a t i o n  provided valuable experience 
i n  handl ing cryogenic f l u i d s .  
showed t h a t  the  i n j e c t i o n  o f  oxygen d i d  not 
introduce any large t rans ients ,  i n  fact, 
much of  the  noise introduced i n t o  the  f low 
by the  combustor was attenuated (a 
reduct ion of from 30-40%). The a t tenuat ion  
was due t o  a s i g n i f i c a n t  increase i n  the  
e f f i c iency  of methane combustion. However, 

The LOX system i s  designed w i t h  a 

Because of t h i s  

It a lso  
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the r e s u l t i n a  hlQher temDerature ooerat ion 
co ip led  with"an apparent' upstream movement 
of the flame f r o n t  overheated the  f u e l  
spray bar. 
the p i l o t  f a c i l i t y  by s l i g h t l y  increas ing 
the  f u e l  pressure and by USlng an a l l  
welded Inconel 625 i n j e c t o r .  It i s  
an t ic ipa ted  t h a t  s i m i l a r  " f i n e  tun ing"  w i l l  
be requi red i n  the f u l l  scale f a c i l i t y .  
The development of  the  c o n t r o l  system f o r  
the LOX i n j e c t i o n  was a research p r o j e c t  
unto i t s e l f  and has been documented i n  
r e f .  7. 

a i r  the  gases m i x  ( f low ing  downstream a t  
about 30 ft . /sec.l  fo r  a proposed distance 
o f  about 2.5 ft. a t  which p o i n t  the  
air-oxygen mixture reaches the  f u e l  spray 
bar where the  methane f u e l  i s  introduced. 
The f u e l  spray bar i s  a ser ies  of tubes 
formed i n t o  concentr ic  c i r c l e s  w i t h  a 
pa t te rn  o f  spray holes der ived 
experimental ly t o  produce a un i fo rm 
temperature d i s t r i b u t i o n  i n  the  t e s t  
section. 
two large pipes which extend from the  
upstream end of the  combustor t o  the  spray 
bar. ( I t  was a lso  found dur ing the  oxygen 
i n j e c t i o n  s tud ies i n  the  p i l o t  f a c i l i t y  
t h a t  r e v i s i n g  the  methane f u e l  c o n t r o l  
system and a i r  c o n t r o l  system could f u r t h e r  
q u i e t  the  combustor generated noise of the 
f a c i l i t y .  The previous c o n t r o l  systems 
tended t o  cause t h e  cont ro l  valves t o  
o s c i l l a t e  s l i g h t l y  which resu l ted  
i n  o s c i l l a t i o n s  i n  t h e  combusting f l o w  and 
thus noise.) 

ha l f  of the combustor and the hot  gases 
then flow through a convergent divergent, 
conical/contoured nozzle i n t o  the t e s t  
section. A t  present the  convergent sect ion 
of the nozzle i s  water cooled and the  
nozzle th roa t ,  which experiences the  most 
severe environment, i s  f i l m  cooled using an 
annular f i l m  o f  a i r  introduced j u s t  
upstream of the th roa t .  This f i l m  coo l ing  
a i r  i s  i n j e c t e d  a t  the  p o i n t  i n  the  
subsonic cont rac t ion  where the  Mach number 
has reached 0.11 and amounts t o  from 20 t o  
30% of the t o t a l  nozzle flow. This la rge  
quant i t y  of coo l ing  f low r e s u l t s  i n  a 
r e l a t i v e l y  cool t e s t  sect ion boundary l a y e r  
w i t h  a t e s t  core of on ly  about 4 ft. i n  
diameter which has constant proper t ies.  I n  
a d d i t i o n  t o  the  undesireable reduct ion i n  
t e s t  sect ion cross sect ion with good f low 
proper t ies  the  water and f i l m  cooled 
comoonents have been the source o f  

This problem was overcome i n  

v 

A f t e r  the  oxygen i s  sprayed i n t o  the  

The methane i s  suppl ied through 

Combustion occurs i n  the  downstream 

-_ 

continu ing t r o u b l e  and w i l l  b e ~ r e p l a c e d  as 
p a r t  of the  m d i f i c a t i o n s .  

Transp i ra t ion  Cooled Approach Section 
and Throat. - A sketch of the proposed new 
aDDrOaCh sect ion and nozzle i s  shown i n  
f i g u r e  9. This section; which has a 
maximum i n t e r n a l  diameter of 36 in., a 
minimum t h r o a t  diameter of 5.6 in., and i s  
approximately 7.2 ft. long; i s  being 
fabr icated by n e r o j e t  Tech Systems using a 
p l a t e l e t  concept, which they pioneered fo r  
c o n t r o l l i n g  the  d i s t r i b u t i o n  of the  

t r a n s p i r a t i o n  f l u i d  ( i n  t h i s  case 
a i r l f r e f .  81. 
passages are photoetched on t h i n  sheets 
( p l a t e l e t s ) .  The p l a t e l e t s  vary i n  
thickness and are bonded together  i n  
sections w i th  the  i n j e c t i o n  s l o t  s ize  and 
mass f l o w  p ropor t iona l  t o  the  l o c a l  heat  
f lux.  The design techl l ique inVOlVeS 
c a l c u l a t i n g  the  surface condi t ions and gas 
chemistry, then determining the  w a l l  heat 
t rans fer  rate. and l a s t l y  c a l c u l a t i n g  t h e  
t r a n s p i r a t i o n  coolant f l o w  t o  mainta in  the  
w a l l  a t  the  desired temperature. The 
design MSS f low f a r  the  t r a n s p i r a t i o n  
cooled approach sect ion and nozzle t h r o a t  
i s  about ha l f  of t h a t  c u r r e n t l y  used f o r  
j u s t  f i l m  cool ing the  t h r o a t .  
f low r a t e  w i l l  be r e f l e c t e d  i n  an increase 
i n  the  hot  gas f lowing through the nozzle, 
a reduct ion i n  condensation losses, a 
la rger  reg ion of uniform temperature i n  t h e  
t e s t  section, and an increase i n  run time. 
The actual  q u a n t i t y  of t r a n s p i r a t i o n  
cool ing a i r  f low w i l l  nave t o  be determined 
experimental ly, however, it has been 
ca lcu la ted  t h a t  up t o  3 t imes the  
t h e o r e t i c a l  design value could be i n j e c t e d  
before the  t h r o a t  boundary layer  would be 

I n  t h i s  concept, hydrau l i c  

This reduced 

blown o f f  the surface. 

condi t ians i n  the unmodified 8 '  HTT $re a t  the 
lower end of the  scramjet range ( f i g .  5). 
However, fo r  Mach nunhers i n  the  range f o r  r a m  
j e t  t e s t i n g  and, i n  p a r t i c u l a r ,  the  c r i t i c a l  
t u r b o j e t  t o  ramjet  t r a n s i t i o n  range, the  nozzle 
must be reconfigured. To ob ta in  the des i red 
k c h  nunhers, prov ide the h igh dyvamic pressures 
required, and reduce cos t  by u t l l l z l n g  the,  
maximum p o r t i o n  of e x i s t i n g  equipment poss lb le ;  
a dual t h r o a t  - mixer concept s i m i l a r  t o  t h a t  
used t o  conver t  Tunnel "C" a t  the AEDC Von 
Karman Gas Dynamics F a c i l i t y  from a k c h  10 
t o  a k c h  4 t r u e  temperature tunnel was 
se lected ( re f .  9 ) .  Th is  concept has a lso  been 
used t o  prov ide increased c a p a b i l i t i e s  f o r  the  
Langley Scramjet Test  F a c i l i t y  ( r e f .  10). For 
the 8'  HTT app l i ca t ion ,  as i l l u s t r a t e d  by 
f igure  10, a sect ion of the  e x i s t i n g  nozzle 
w i l l  be removed and a mixer w i t h  interchange- 
ab le nozzle sect ions w i l l  be i n s t a l l e d .  The 
interchangeable, M =  4 and 5, nozzle sect ions 
w i l l  cons is t  of Wo par ts ,  a nozzle t h r o a t  
i n s e r t  and a downstream sect ion t h a t  provides 
a t r a n s i t i o n  from the  i n s e r t  t o  the  l a s t  18.4 
ft. o f  the  downstream end of the e x i s t i n g  M 
= 7 nozzle which w i l l  n o t  be  replaced. The 
replaceable sec t ion  of t h e  M = 7 nozz le and 
the  mixer fa l te rna te  Mach nunher nozz le w i l l  
r i d e  on a i r  bear ings t o  f a c i l i t a t e  Each 
nunher change c a p a b i l i t y .  

Mixer Development.- The purpose o f  the  
mixer i s  t o  increase t h e  t o t a l  mass f lm 
and t o  reduce the  temperature b y  adding 
anhient temperature a i r  t o  the  hot. gas 
f lowing from the  e x i s t i n g  conhustor so 
as t o  ob ta in  t r u e  temperature s imu la t ion  
and c b t a i n  h igh dynamic pressures a t  the 
lower Each nunhers. The mixer approach was 
selected i n  l i e u  of en larg ing the  e x i s t i n g  

A l te rna te  Each Number C a p a b i l i t  .- Test 
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th roa t .  If a la rger  t h r o a t  would have been 
used it would have been m r e  d i f f i c u l t  t o  
mainta in  combustion i n  the combustor due t o  
the  increased f low v e l o c i t y  necessary t o  
pass the  increased mass f l o w  f o r  the  lower 
Mach number condit ions. 
mixer approach f a c i l i t a t e s  changing Mach 
numbers since the  a l t e r n a t e  Mach number 
nozzles now do not  have t o  be cooled. 
mixed f low f o r  the  lower Mach numbers i s  
s u f f i c i e n t l y  cool t o  a l low use o f  a heat 
s ink design fo r  the  a l t e r n a t e  Mach number 
nozzle throats.) There was i n i t a l l y  a 
concern t h a t  it would be necessary t o  
u t i l i z e  mechanical means (such as t h e  
per forated metal p l a t e s  and screens used a t  
AEDC - ref. 11) t o  ensure adequate mixing. 
However, an aerodynamic concept had been 
successful ly used a t  the Langle Mach 7 
Scramjet Test F a c i l i t y  ( r e f .  lo!. and i t  
was decided t o  inves t iga te  t h i s  type of 
concept. since the  condi t ions i n  the  &Foot 
mixer would be too  severe fo r  uncooled 
p l a t e s  or screens. Tests were conducted i n  
the  7'' HTT p i l o t  f a c i l i t y  t o  inves t iga te  
mix ing concepts. 

F igure 11 d e t a i l s  the  successful mixer 
design f o r  the  p i l o t  tunnel. I n  t h i s  
concept, the  hot  f low was expanded through 
t h e  M = 7 nozzle t o  a Mach number of 3.05 
a t  which p o i n t  tangent ia l  i n j e c t o r s  were 
located, which i n j e c t e d  equal Mach number 
a i r  i n t o  the boundary layer  t o  energize 
it. A ser ies  of normal sonic i n j e c t o r s  
were then located s l i g h t l y  downstream o f  
the tangent ia l  i n j e c t o r s  and the  i n j e c t i o n  
o f  a i r  through these normal i n j e c t o r s  
i n i t i a t e d  the supersonic d i f f u s i o n  of the  
hot M = 3 gas (the previous tangent ia l  
i n j e c t o r s  prevented the normal i n j e c t i o n  
from separating the  boundary layer.). The 
process was then repeated w i t h  the  second 
s e t  o f  tangent ia l  i n j e c t o r s  having a Mach 
number of 2.25. A t  the end of the con ica l  
d i f f u s e r  the  f low encountered a r e l a t i v e l y  
la rge  amount of a i r  i n j e c t e d  i n  the  
upstream d i r e c t i o n  (-115' f i g .  12) fo l lowed 
by a d d i t i o n a l  normal i n j e c t i o n  a t  the  break 
p o i n t  i n  a sudden expansion d i f f u s e r .  The 
slowed and mix ing f low then entered t h e  
mix ing chamber where f i n a l  mix ing took 
place. The upstream i n j e c t e d  a i r  served t o  
cancel the e x i s t i n g  romentum o f  the  hot, 
p a r t i a l l y  mixed gas and enabled the  s e t  o f  
normal i n j e c t o r s  t o  complete t h e  d i f f u s i o n  
and s e t  up a ser ies o f  backward f low ing  
v o r t i c e s  t h a t  a lso al lowed the  f low t o  
rea t tach  t o  the  wa l ls  o f  the  mixer. 
Add i t iona l  coo l ing  a i r  was i n j e c t e d  i n  t h e  
main body of the  mix ing chamber t o  cool t h e  
mix ing chamber l i ne r .  The propor t ion  of 
the  Cooling a i r  i n j e c t e d  through the  
various i n j e c t o r s  was var ied s l i g h t l y  
depending on whether the M = 4 or M = 5 
nozzles were i n s t a l l e d  a t  the  downstream 
end of the  mix ing chamber. The success of 
t h e  mixer design can be seen i n  f i g u r e  13, 
which shows the  t o t a l  temperature p r o f i l e s  
measured i n  the mixer and t e s t  sect ion o f  
t h e  p i l o t  tunnel  a t  both M = 4 and 5. The 
r e s u l t i n g  design f o r  t h e  8' HTT w i t h  a 
t a b u l a t i o n  of the proposed f l ow  ra tes  i s  

In addi t ion,  the  

(The 

shown i n  f i g u r e  14. 
di f ference,  between the design f o r  t h e  f u l l  
scale tunnel and t h a t  developed f o r  the  
p i l o t  tunnel, i s  t h a t  the f u l l  scale tunne l  
w i l l  have an add i t iona l  s e t  o f  tangent ia l  
and normal i n j e c t o r s  i n  the  supersonic 
d i f fuser .  

The only  s i g n i f i c a n t  

L' 
Nozzle Design Process. - The 

requirement t h a t  as much o f  the e x i s t i n g  
tunnel s t ruc tu re  as poss ib le  be u t i l i z e d  i n  
the modif ied f a c i l i t y  resu l ted  i n  the 
requirement t h a t  the new a l t e r n a t e  Mach 
number nozzles in te r face  w i t h  about 18.4 
ft. of the  downstream end o f  the e x i s t i n g  M 
= 7 nozzle. I n  addi t ion,  it was des i red 
t h a t  fo r  the  cent ra l  60% o f  the  nozzle e x i t  
plane the maximum Mach number v a r i a t i o n  
would be no m r e  than 0.2 wh i le  the  mXi I t IUm 
v a r i a t i o n  i n  s t a t i c  temperature be 10DOF. 
These r a t h e r  s t r ingent  requirements led  t o  
a new nozzle design techni  ue fo r  the  M = 4 
and 5 a l t e r n a t e  nozzles. ?hat i s ,  since 
the  desired Mach number, requi red length, 
and nozzle e x i t  geometry were f ixed, a 
reverse c a l c u l a t i o n  procedure was developed 
t o  e s s e n t i a l l y  "work backwards" t o  obta in  
the  nozzle contour t o  f i t  w i t h i n  the  
requi red cons t ra in ts .  This procedure 
invo lved in te rac t ions  between and 
i t e r a t i o n s  of a method of c h a r a c t e r i s t i c s  
code w i t h  r e a l  gas e f f e c t s  accounted fo r ,  a 
boundary layer  code w i th  c a p a b i l i t y  t o  
account for r e a l  gas ef fects  and w a l l  mass 
i n jec t ion ,  and an Euler code w i th  
c a p a b i l i t y  t o  account f o r  equ i l ib r ium 
chemistry e f fects .  The r e s u l t i n g  nozzle 
contours were then checked w i th  a 
Navier-Stokes code. Deta i l s  o f  t h i s  design 
process can be found i n  re f .  12. Predicted 
e x i t  plane Mach number d i s t r i b u t i o n s  f o r  v 
the  M = 4 and 5 nozzles are shown i n  f i g u r e  
15. As can be seen, the  Mach number 
d i s t r i b u t i o n s  are w e l l  w i t h i n  the  desired 
var ia t ion .  

For the  M = 7 nozzle the desian 
requirements were even more s t r ingent  than 
for the  M = 4 and 5 nozzles, t h a t  is, on ly  
the new, t r a n s p i r a t i o n  cooled t h r o a t  
sec t ion  invo lv ing  a p o r t i o n  o f  the  subsonic 
approach. the throat ,  and a small p a r t  o f  
the supersonic expansion sect ion could be 
chanaed. fTh is  new sect ion i s  
approximately 86 in. long;) As a r e s u l t ,  
on ly  the  Navier-Stokes code w i th  the  
c a p a b i l i t y  fo r  mass a d d i t i o n  t o  simulate 
the t r a n s p i r a t i o n  cool ing and reac t ion  r a t e  
chemistry was used t o  i t e r a t e  t o  a f i n a l  
design. This code i s  a three-dimensional 
extension o f  the code documented i n  re f .  .. . 
13 and i4. An e x i t  plane Mach number 
p r o f i l e  i s  a lso shown i n  f igure  15. 
the  predic ted d i s t r i b u t i o n  i s  q u i t e  good. 

Again, 

Operational Boundaries. - During mixer 
development work ln tne  I "  HTT p i l o t  
f a c i l i t y  it was found t h a t  the tunnel would 
not  s t a r t  a t  the a l t e r n a t e  Mach numbers 
us ing the  standard s t a r t i n g  procedure. 
From studying h igh speed shadowgraphs o f  
the  s t a r t  it was observed t h a t  the  d i f f u s e r  
could not capture the s t a r t i n g  Mach d isc  
which then grew i n  diameter w i th  t i m e  i n  

c 
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the  t e s t  sect ion.  This phenomenon y ie lded 
two ef fects  which combined t o  preclude t h e  
f low from s t a r t i n g .  That i s ,  the Mach d isc  
produced a very large pressure loss which 
lowered t h e  compression r a t i o  ava i lab le  f o r  
s t a r t i n g  and, since the Mach d isc  grew i n  
diameter w i t h  time, the mass f l o w  passing 
through the Mach d isc  a lso grew wi th  t ime 
[ the mass f low was increas ing from zero 
toward the  steady-state run amount which i s  
s i g n i f i c a n t l y  greater  fo r  the  a l t e r n a t e  
Mach numbers than fo r  the  tunne l ' s  design 
Mach number o f  7 )  which f u r t h e r  burdened 

- 
the al ready choked mixing tube. The 
Solut ion t o  t h i s  problem involved e i t h e r  an 
impulse type of s t a r t  t o  force the  s t a r t i n g  
shock across the  open j e t  t e s t  sect ion  and^ 
i n t o  the  d i f f u s e r  (not p r a c t i c a l  fo r  the  
8 '  HTT because o f  the large valves 
invo lved)  o r  a minor m d i f i c a t i o n  t o  t h e  
entrance t o  the  mix ing tube ( increas ing t h e  
d i f f u s e r  entrance angle from 8.5 deg. t o  
11.7 deg.) t o  a l low it t o  capture the  
s t a r t i n g  shock when the  Mach d isc  was s t i l l  
r e l a t i v e l y  small and t o  l i m i t  the  e j e c t o r  
and mixer s t a r t i n g  pressures t o  the  ranges 
shown on f igures 16 and 17 f o r  the  two 
a l t e r n a t e  Mach numbers. Once the  tunnel 
s t a r t e d  the  operat ing envelope could be 
expanded t o  t h e  u n s t a r t  l i m i t s  shown on the  
f igures. S imi la r  s t a r t i n g  and running 
envelopes are expected f o r  the  8-Foot a t  
the a l t e r n a t e  Mach numbers. 

Use of the  Modi f ied 8-Foot H T T  f o r  
Propulsion Test ing 

Models. - The large, approximately 8 
ft. d-r by over 12 ft. long, open j e t  
t e s t  sect ion w i l l  a l low the t e s t i n g  of 
large models w i t h  operat ing engines over 
s i g n i f i c a n t  angle of a t tack and s i d e s l i p  
ranges. A t y p i c a l ,  la rge  scale model of an 
a i r -b rea th ing  m i s s i l e  i s  shown i n  f i g u r e  18 
t o  i l l u s t r a t e  hcu conf igurat ions,  which 
u t i l i z e  the  forebody as p a r t  of the  i n l e t  
compression system. can be tes ted  i n  la rge  
enough scale t o  evaluate component 
i n t e r a c t i o n s  wi th an operat ing engine. For 
large configurations. the  t e s t  sec t ion  
size, wh i le  no t  a l low ing  the  t e s t i n g  of a 
f u l l  conf fgurat ion nmdel w i t h  engines 
operat ing a t  a la rge  scale, w i l l  a l lw t h e  
i n v e s t i g a t i o n  o f  t h e  potent  i a  1 l y  c r i t  i ca  1 
i n t e r a c t i o n s  between m u l t i p l e  engine 
m d u l e s  a t  angles of a t tack and yaw 
( p a r t i c u l a r l y  impor tant  i n  the event of an 
i n l e t  unstar t ) ;  t h e  e f f e c t s  of engine scale 
on performance; and the  performance of t h e  
af terbody as a nozzle expansion surface. 
I n  addit ion, the  tunnel  w i l l  p rov ide the 
c a p a b i l i t y  t o  evaluate the, genera l ly  
unscalable, t h e r m a l l s t r u c t u r a l  performance 
of the  f l i g h t  weight. fue l  cooled engine 
structures a t  essent ia l ly  f u l l  size. A 
nwl t ip le  scraMet engine m d u l e  concept i s  
shown i n s t a l l e d  i n  the  tunnel  I n  the  sketch 
o f  f i a u r e  19. 

v 

i j t i l i t i e s .  - The various u t i l i t i e s ,  
which are avaTlable i n  the  t e s t  chamber o f  
the  8 '  HTT, are l i s t e d  i n  f i g .  20. The 

e l e c t r i c a l  power (up t o  1.6 Mw) can be 
d iv ided i n t o  15 separate ly  c o n t o l l a b l e  
zones o f  from 0 t o  440 v o l t s  AC. Ambient 
temperature n i t rogen a t  up t o  5 lbm./sec. 
a t  1000 ps ig  and water a t  up t o  150 gpm a t  
500 p s i g  are c u r r e n t l y  ava i lab le .  
w i l l  be Dlumbed t o  the  t e s t  chamber dur inq  

Hydrogen 

the  G d i i i c a t i o n .  Ambient temperature 
hydrogen w i l l  be a v a i l a b l e  a t  up t o  
3.7 lbm./sec. wh i le  hydrogen run through a 
l i q u i d  n i t rogen heat exchanger t o  reduce 
i t s  temperature t o  about 220' R w i l l  be 
a v a i l a b l e  a t  up t o  1.4 lbm./sec., both a t  
1000 psig. 
hydrogen w i l l  be s u f f i c i e n t  t o  support 3 
runs of 90 Sec. dura t ion  a t  t h e  maximum 
f low r a t e  o f  5.1 lbmlsec. While there  w i l l  
be cont ro ls  f o r  a l l  of these f lu ids ,  the  
d e t a i l e d  cont ro l  system f o r  use w i t h  a 
given m d e l  w i l l  have t o  be provided as 
p a r t  of the  model hardware. 
the  f i g u r e  are f l u i d s  which are ava i lab le  
nearby but  not  i n  the  t e s t  chamber. The 
use of any o f  these f l u i d s  would r e q u i r e  
the  a d d i t i o n a l  plumbing and ContolS 
necessary t o  get them i n t o  the  t e s t  chamber 
and c o n t r o l  t h e i r  use there in .  

The l o c a l  storage capaci ty  f o r  

Also shown on 

Data A c q u i s i t i o n  and Reduction. - 
There are c u r r e n t l y  288 channels o f  
inst rumentat ion a v a i l a b l e  i n  the  t e s t  
chamber (192 channels f o r  s t r a i n  gage type 
inst rumentat ion and 96 channels fo r  
thermocouples). The current  System i s  
c o n t r o l l e d  by a Xerox 530 minicomputer. 
p a r t  of the mod i f i ca t ion  a new data 
a c q u i s i t i o n  and reduc t ion  system w i l l  be 
i n s t a l l e d .  This new system i s  d e t a i l e d  on 
f i g u r e  21. A new Neff Model 600 analog 
f r o n t  end w i l l  be in te r faced w i t h  a Modcomp 
32/85 32 b i t  minicomputer fo r  data 
a c q u i s i t i o n  and r e a l  t ime d isp lay.  The 
Neff w i l l  have the c a p a b i l i t y  of handl ing 
up t o  512 channels of analog data w i t h  
se lectable ranges of from +I-  5 m i l l i v o l t s  
up t o  + I -  10.24 vo l ts .  
output a d i g i t a l  16 b i t  r e s u l t  which i s  
accurate t o  +/- 0.02%. 

channels w i l l  be 50 frameslsec. 
up t o  80 of these channels can be 
configured t o  scan a t  the  r a t e  of 5000 
frameslsec. f o r  up t o  a minimum o f  100 
mil l isec., and up t o  10 a d d i t i o n a l  channels 
can be scanned by a separate t r a n s i e n t  data 
recorder a t  the r a t e  of 500,000 
frameslsec. fo r  up t o  a minimum o f  10 
m i l l i s e c .  The number o f  channels/recording 
t i m e  f o r  the medium and h igh  speed data 
channels i s  storage l i m i t e d  by d l s c  space 
on the Modcow and mmry space i n  t h e  
t r a n s i e n t  data recorder. That is. 
a d d i t i o n a l  scan t i m e  a t  t h e  h igh r a t e s  can 
be obtained by reducing the number of 
channels scanned a t  the h igh rates. 
a d d i t i o n  t o  c o n t r o l l i n g  the Neff and 
s t o r i n g  the  r a w  d i g i t a l  data, the  Modcomp 
w i l l  a lso prov ide rea l  t i m e  data reduct ion 
c a p a b i l i t y  for  d isp lay  of up t o  24 pages of 
23 data items per page o f  e i t h e r  raw 
channel data, englneering un i ts ,  o r  a few 

AS 

The Neff w i l l  

The normal scan ra te  f o r  the  512 
However, 
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ca lcu la ted  q u a n t i t i e s  such as Mach number 
updated a t  the  r a t e  of 4 times per sec. 
Although it i s  an t ic ipa ted  t h a t  due t o  the  
shor t  run t i m e  on ly  1 o r  2 pages w i l l  be 
a c t u a l l y  d isp layed dur ing a run, the  others 
w i l l  be s tored fo r  d isp lay  a f t e r  the run 
haS been completed. Addi t ional ly ,  there 
w i l l  be the  c a p a b i l i t y  t o  g r a p h i c a l l y  
d i s p l a y  up t o  40 data channels i n  a 4 
window graphics d isp lay  terminal .  The 
channel data may be p l o t t e d  against another 
channel o r  aaainst time. Aoain. it i s  . - -  
a n t i c i p a t e d  chat on ly  1 o r  i o f  these pages 
w i l l  be displayed dur ing the run and the  
others w i l l  be ava i lab le  a f t e r  the  run. 

Once the data have been acquired 
thev w i l l  be t rans fer red  a f t e r  the run t o  a 
data reduct ion host processor cons is t ing  of 
2 D i g i t a l  Equipment Corp. VAX 32 b i t  
computers (Models 8530 and 8550). The 
VAXes w i l l  then be u?ed f o r  f i n a l  data 
reduct ion (engineering un i ts ,  heat ing 
rates, Four ie r  transforms, s t a t i s t i c a l  
analy is ,  etc.). There w i l l  a lso be t h e  
c a p a b i l i t y  t o  generate data analys is  p lo ts ,  
p r in t -ou ts ,  data tapes f o r  t ransmi t ta l ,  and 
whatever o ther  necessary comoutations a re  
des i red inc lud ing  accomodations f o r  user 
generated software. 

Schedule. - F igure 22 presents a 
cur ren t  schedule fo r  the mod i f i ca t ion  
pro jec t .  
f a c i l i t y  modi f icat ion was completed by 
F lu idyne Engineering i n  1985. An 
independent contract  f o r  design and 
f a b r i c a t i o n  Of the  t r a n s p i r a t i o n  cooled, M 
= 7 nozzle was awarded t o  Aero jet  Tech 
Systems i n  1985. The f i n a l  aerodynamic 
l i n e s  were forwarded t o  them i n  e a r l y  
1987. The ModcompiNeff data a c q u i s i t i o n  
system has been procured and i s  c u r r e n t l y  
i n  the  i n s t a l l a t i o n  process. The 2 data 
reduct ion host VAX computers w i l l  be 
procured one i n  t h i s  f i s c a l  year and the  
other  next f i s c a l  year wh i le  the host 
software i s  under development. A con t rac t  
f o r  the major cons t ru t ion  p a r t  o f  the  
p r o j e c t  was awarded t o  Chicago Bridge and 
I r o n  (CBI-NACON) i n  mid 1986. The 
cons t ruc t ion  phase i s  scheduled f o r  29 
months w i t h  the f a c i l i t y  down f o r  a p e r i o d  
o f  9 months fo r  i n s t a l l a t i o n  of the  
modi f icat ions beginning i n  June, 1988. 
Construct ion w i l l  be fo l lowed by a planned 
per iod  of about a year f o r  f a c i l i t y  
shakedown and c a l i b r a t i o n .  The f a c i l i t y  
should be ava i lab le  f o r  research i n  e a r l y  
1990. 

The de ta i led  design of the 

CONCLUDING REMARKS 

This paper has described the  c u r r e n t l y  
underway modi f icat ions t o  the NASA Langley 
Research Center &Foot High Temperature 
Tunnel which w i l l  r e s u l t  i n  a unique 
na t iona l  f a c i l i t y  f o r  the  i n v e s t i g a t i o n  of 
h igh Mach number propuls ion systems, 
aerothermal loads, and aerothermal 
s t ructures.  The f a c i l i t y  i s  being modified 

w i t h  the  add i t ion  o f  a LOX system t o  b r i n g  
the  oxygen content o f  the  h igh enthalpy 
t e s t  medium up t o  t h a t  o f  a i r ,  modified 
nozzles t o  enable the  tunnel  t o  operate a t  
the  add i t iona l  Mach numbers o f  4 and 5, t h e  
add i t ion  o f  hydrogen plumbing t o  the  t e s t  
chamber t o  a l low the  t e s t i n g  of hydrogen 
powered engines, and a new data System t o  
increase both the  amount o f  data t h a t  may . . . - . . . . 
be obtained and the  e f f i c iency  Of i t s  
a c q u i s i t i o n  and reduction. When t h e  
modi f icat ions are complete the  nati0n'S 
propuls ion t e s t  c a p a b i l i t y  w i l l  be extended 
t n  M = 7 fo r  laroe models w i t h  operat lng ." . .  
engines. Covere; w i l l  be the  very c r i t i c a l  
t r a n s i t i o n  Mach number ranges f o r  both 
t u r b o j e t  t o  ramjet  t r a n s i t i o n  and ramjet t o  
zr ramiet  t r a n s i t i o n  as w e l l  as Mach numbers 
f i r - b o t h  ramjet and scramjet operation. 
addi t ion,  the t e s t  c a p a b i l i t y  fo r  
determination o f  aerothermal loads and 
evaluat ion o f  aerothermal s t ruc tu res  fo r  
large t e s t  specimens w i l l  be extended t o  
the  add i t iona l  Mach numbers o f  4 and 5. 
i s  an t ic ipa ted  t h a t  the modi f ied tunnel  
d l t  m m e  on- l inp i n  t ime t o  prov ide 

I n  
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s i g n i f i c a n t  research support t o  the  
development o f  propuls ion systems fo r  the  
upcoming generation of  hypersonic vehicles. 
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Figure 1.- Schematic and operat lonal  
c h a r a c t e r i s t i c s  of the  lang ley  8-Foot High 
Temperature Tunnel. 

F igure  2.- T r i p l e  exposure of  model 
en ter ing  $-Foot High Temperature Tunnel 
Test Section. 

H ~ O W S  r e m t e a  

Figure 3.- 8-Foot High Temperature Tunnel 
r a d i a n t  preheating apparatus. 

F igure 4.- S t r u c t u r a l  assemly model (SAM) 
of the hypersonic research engine (HRE) i n  
the  8-Foot High Temperature Tunnel. 
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F igure 5.- Operational envelopes fo r  
a i r -b rea th ing  engines and propuls ion 
f a c i  1 i t  ies. 
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Figure 6.- Calculated reac t ion  times f o r  
hydrogen i n  clean and v i t i a t e d  a i r .  

F igure 7.- Layout o f  8-Foot High 
Temperature Tunnel. 

F igure 8. - Cross Sect ion o f  %Foot High 
Temperature Tunnel Combustor. 

8 -25.9 

Figure 9.- Transpi rat ion cooled approach 
sect ion and th roa t .  -- 

30.9'  
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UnCooleO ---1 
TrunSPlrutlOn coo1eu 

F igure 10.- Modi f ied nozzles f a r  a l t e r n a t e  
Mach number c a p a b i l i t y .  
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Figure 11.- Successful p i l o t  tunnel mixer 
design. 
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F igure 12.- Main a i r  i n j e c t o r s  f o r  p i l o t  
tunnel mixer. 

F igure 13.- Tota l  temperature p r o f i l e s  i n  
p i l o t  tunnel mixer and t e s t  sect ion f o r  M 
= 4 and 5. 

MOCh 
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Figure 14.- Mixer design for  &Foot High 
Temperature Tunnel. 
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F igure 15.- Predicted ex i t -p lane Mach 
number contours. 
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Figure 16.- S t a r t i n g  and running 
operat ional  pressure baundarles fo r  t h e  
p i l o t  tunne l  a t  M = 4. 
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F i g u r e  17.- S t a r t i n g  and runn ing  o p e r a t i o n a l  
p r e s s u r e  b o u n d a r i e s  f o r  t h e  p i l o t  t u n n e l  a t  
M =  5. 

F i g u r e  18.- T y p i c a l  l a r g e  model of an  a i r -  
b r e a t h i n g  missile mounted i n  t h e  &Foot 
High Tempera tu re  Tunnel test chanhe r .  

F i g u r e  19.- Concept  o f  m u l t i p l e  scramjet 
e n S i n e  module mounted i n  t h e  % F o o t  High 
Tempera tu re  Tunnel test c h a t h e r .  
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n e a r  the %Foo t  High Tempera ture  Tunnel t e s t  
c h a b e r .  
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F i g u r e  21.- Upgraded d a t a  a c  u i s i t i o n  and 
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F i g u r e  22.- &Foot High Tempera ture  Tunnel 
m o d i f i c a t i o n  schedu le .  


